The number of bacteria on Earth is estimated to be 5Â10 30 , representing the most abundant component of biomass [1] . Most microorganisms (prokaryotes, fungi and protists) [2] , have not been identified yet (more than 99 %). Ocean and soil environments appear to be the largest source of uncharacterized prokaryotes. However, the digestive tract of farm animals represents a significant ecological niche of, as yet, unexplored microorganisms with economic implications for humans [3] [4] [5] . Many studies have focused on intestinal bacterial diversity and the role of intestinal microorganisms in the health and physiology of mammalian livestock. Uncovering the particular diversity and the role of bacteria inhabiting the digestive tract of poultry, especially the crop, is on the periphery of scientific interest, even though this could serve as a source of novel bacterial taxa [6] with potential applications in the veterinary pharmaceutical industry. So, research is now directed particularly into the probiotic bacteria, represented mainly by lactobacilli, as well as other lactic acid bacteria and bifidobacteria [7] [8] [9] [10] . Probiotics are well known to have many beneficial impacts on host physiology and immunology. In connection with poultry, they have been evaluated to be real or potential inhibitors of pathogens, immunomodulators and contributors to improved feed conversion [11] .
The digestive tract of most birds consists of the oesophagus, crop, proventriculus and gizzard, intestines (duodenum, jejunum, ileum and ceca), colon and cloaca. The bacteria present in the digestive tract of birds, as in other warm-blooded animals, are predominantly anaerobes. The numbers of bacteria in various parts of the gastrointestinal tract differs and reaches from 10 4 g À1 (of digesta) in the small intestine to 10 11 g À1 in the ceca [12] . The vast majority of bacteria in the digestive tract of poultry and birds are represented by uncharacterized taxa [13, 14] . Most publications in the literature have focused on the screening of bacterial populations in the intestines and ceca of important poultry, such as chickens, hens and turkeys. The core intestinal microbiome is represented by the phyla Firmicutes, Bacteroidetes and Proteobacteria. More than 500 different species belonging mainly to the predominant genera Clostridium, Ruminococcus, Lactobacillus and Bacteroides were detected in the intestinal contents of turkeys and chickens, respectively [13, 15] . After hatching, the body is colonized by bacteria from the environment. There have been only a few studies reported on an evaluation of the bacterial community inhabiting the crop of poultry. This region serves as a simple food storage area prior to digestion, enabling birds to take in a lot of food in a short period of time. Owing to the presence of a large number of bacteria (10 9 g À1 of digesta) with strong metabolic capabilities, the crop could be seen as the first part of the digestive process in birds [14] . Unfortunately, information on the composition and characterization of crop microbiota is very limited, even though this could be a source of bacteria with positive effects for the host [16] . Collado and Sanz [17] determined higher counts of Lactobacillus sp., Atopobium sp., Bifidobacterium sp., E. coli and the Eubacterium rectale-Clostridium coccoides group in the crops of chickens as compared with the large intestine. In a study concerning the analysis of mucosaassociated bacteria in the chicken gastrointestinal tract, lactobacilli were determined to be the predominant group in the crop [18] . Studies by Rada and Petr [19] , and Petr and Rada [16] were aimed at the detection of the presence, and counts of bifidobacteria inhabiting the hen caeca and crop, respectively. Using the currently widely applied selective mTPY medium, they found higher counts in hen ceca (10 10 g À1 of digesta), compared with hen crop (10 7 g
À1
). In addition, their study revealed bifidobacteria from the crop are different from those isolated from the caudal part of the digestive tract.
In the present study, we have attempted to build on previous studies by characterizing in detail a bacterial isolate from the crop of a laying hen, which represents, based on the results of the genotypic and phenotypic analyses, a novel genus within the family Bifidobacteriaceae. Bacteria of this family are of interest to researchers as they are well known to be beneficial bacteria. Remarkably, the presence of increased numbers of bifidobacteria in certain parts of the gastrointestinal tract of broiler chickens has been associated with higher body weights [20] . Therefore, further studies to evaluate the potential or real probiotic properties of the novel bacterium will be required.
A fructose-6-phosphate phosphoketolase (F6PPK)-positive [21] Bifidobacterium-selective mTPY agar [19] was used for the isolation process. Strain RP51 T was isolated under strictly anaerobic conditions [22] , and showed a specific cell morphology (almost regular rods) in the context of the Bifidobacteriaceae family [23] ; it was further characterized in detail.
Genotypic characterization was aimed at comparative analyses of the 16S rRNA, dnaK, fusA, hsp60 and rplB gene sequences with those of closest relatives, and determination of DNA G+C (mol%). Almost complete 16S rRNA gene sequences were amplified using the 616 V-630R primer pair [24] , based on PCR conditions proposed by Ehrmann et al. [25] . Chromosomal DNA of strain RP51
T routinely cultivated in anaerobic TPY medium [26] was extracted using PrepMan Ultra Sample Preparation Reagent (Applied Biosystems) and then used for all PCR amplification purposes. PCR mixtures of 25 µl volume consisted of 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 200 mM of each dNTP, 0.5 µM of each primer, 1 U Taq polymerase (Top-Bio, CZ) and 10-100 ng template DNA. Checked DNA amplicons using 1.5 % agarose (Top-Bio, CR) electrophoresis (110V, 30 min) were purified using a PCR purification kit (Qiagen) and sequenced by the Seqme company (CZ). Samples derived from both, forward and reverse primers were used for the construction of final sequences after CLUSTAL W alignment in Geneious 7.1.7 software (Biomatters). The 16S rRNA gene sequence (1444 nt) obtained was deposited in the GenBank database (no. KT343146) using the widely applied Banklt system and inserted into the EzTaxon database [27] to find the closest related bacteria. Alloscardovia omnicolens CCUG 31649 T (GenBank a.n. NR042583) and Bombiscardovia coagulans BLAPIII/AGV T (EU127550) with 93.4 and 93.1 % gene similarities, respectively, were found to be the most closely related species. Completeness of the sequences compared were 100 and 98.3 %, respectively. Lower similarities were found with other representatives of the family Bifidobacteriaceae. These results suggest that strain RP51 T could represent a novel genus [28] .
Partial dnaK, fusA, hsp60 and rplB gene sequences were used as additional identification and phylogenetic markers to confirm the status of the novel genus. A fragment of gene dnaK encoding the chaperone protein DnaK was amplified using primers dnaK-bif1 and dnaK-bif2 under the PCR conditions mentioned previously [29] . For another chaperone marker, the gene encoding the Hsp60 (heat shock protein, size 60 kDa), primers MO-157 and MO-158 [30] were applied for amplification purposes. Partial sequences of genes encoding the GTP-binding elongation factor EF-G (fusA) and 50S ribosomal protein L2 (rplB) were obtained using the fusAB3-fusAB4 and rplBB3-rplBB4 primer pairs, as described recently [31] . The intergenic 16S-23S rRNA spacer (ITS) sequence was also included in comparative analyses [32] . Amplicons were checked, sequenced and deposited in the GenBank database, as described above. Sequences obtained were compared with those present in the genomes of members of the genus Bifidobacteriaceae and the NCBI nucleotide database available at the website (www.ncbi.nlm.nih.gov/nuccore). Results of the BLAST (Basic Local Alignment Search Tool) search tool were conclusive for comparative analyses. The length of the dnaK, fusA, hsp60 and rplB gene fragments being compared were 631, 662, 531 and 446 nt, respectively. Pairwise similarities were calculated after CLUSTAL W alignment in the Geneious program. Similarities in the range 76.27-84.95 % towards type strains of species representing different genera (Alloscardovia, Gardnerella and Bifidobacterium) were determined (Table S1 , available in the online Supplementary Material). The results obtained were influenced by the lengths of the gene fragments compared. Although a problem associated with the usage of various housekeeping gene fragments in the taxonomy of prokaryotes has been discussed [33] , the results calculated clearly suggested a genetic difference between strain RP51
T and other representatives of the family Bifidobacteriaceae. This was confirmed by ITS comparative analysis (compared length of 391 nt), based on the BLAST tool covering only 10-25 % of the ITS region of representatives of the family Bifidobacteriaceae .
Phylogenetic relationships and distances within the family Bifidobacteriaceae were evaluated by the trees reconstructed based on 16S rRNA, dnaK, hsp60 and rplB gene sequences. CLUSTAL W Alignments of gene sequences obtained for type strains of the family Bifidobacteriaceae from available genomic sequences and the NCBI nucleotide database were generated in BioEdit v7.2.5 [34] editor. Alignment of 16S rRNA gene sequences was improved by elimination of poorly aligned positions and divergent regions using the Gblocks Server [35] . The maximum-likelihood algorithm, bootstrap method (1000 replications), the Jukes-Cantor parameter model and the nearest-neighbour-interchange implemented in MEGA 6.06 software [36] were applied for reconstruction of phylogenetic trees. The topology of trees was also checked using the neighbour-joining and maximum-parsimony algorithm. In the case of the 16S rRNA phylogenetic tree, the novel strain RP51
T was positioned on a separated branch within a scardovial cluster (Fig. 1) . Topologies of dnaK, hsp60 and rplB trees also indicated an evolutionary distance of strain RP51
T from other members of the family Bifidobacteriaceae. Based on the hsp60, dnaK and rplB phylogenetic trees (Fig. S3) , it was situated on a separate phylogenetic branch, distant to the scardovial and bifidobacterial clusters. This supports the presumption that strain RP51 T should be classified into a novel genus.
Another important parameter, DNA G+C (mol%) content, confirmed a difference at the genotypic level. The value of 44.3 mol% (mean of three experiments, SD 0.3), determined by the modified enzymatic degradation method [37] , is the lowest in the context of the whole family [22, 38] .
Evaluation of phenotypic characteristics was focused on biochemical features using the API 50CH, API 20A, API ZYM and RAPID ID32A test strips (bioM erieux), physiological properties (temperature and pH growth range, ability to grow under aerobic and microaerophilic conditions) and detailed cell morphology. Results of chemotaxonomic analyses, such as cellular fatty acid and polar lipid profiling, and peptidoglycan structure determination, were also included for a detailed phenotypic characterization of strain RP51
T . The same chronological scheme and methods published in our previous studies [22, 39] were performed for these purposes.
Type strains of Alloscardovia omnicolens, Bombiscardovia coagulans, Aeriscardovia aeriphila, Parascardovia denticolens, Pseudoscardovia suis and Scardovia inopinata were included in the comparative phenotypic analysis. These were chosen as they were the closest relatives, based on the phylogenetic and comparative analyses. Phenotypic characteristics, DNA G+C contents and habitats that distinguish strain RP51
T from scardovial genera are shown in Table 1 . Data obtained within this study and our previous publications [22, 38, 39] are provided. The habitat of the novel strain differs to those mentioned for other scardovial genera. Compared with A. omnicolens, the closest relative estimated from genetic similarities and phylogenetic studies, strain RP51
T does not ferment D-galactose and lactose. It is, however, able to ferment the polysaccharide glycogen, the trisaccharide melezitose, and the disaccharides trehalose and gentiobiose. Overall, the strains examined differ in their ability to ferment thirteen saccharides. With respect to enzyme profiles, activities of phenylalanine arylamidase and esterase (C4) were determined compared with A. omnicolens. Activity of a-, b-glucosidases and a-, b-galactosidases is in accordance with classification into the family Bifidobacteriaceae. Only Pseudoscardovia radai had no a-and b-galactosidase activity [37] . The profile of different saccharolytic enzymes suggests that strain RP51
T participates in the fermentation and digestion of various disaccharides, oligosaccharides and storage polysaccharides of plants presented in the N1 feed.
The ability to grow over the range of C was found in RP51 T . No growth at temperature of 50 C was observed. Lower final growth temperatures were determined in other scardovial genera. With respect to the Bifidobacteriaceae family, comparatively high final temperatures for growth were recently found in Bifidobacterium ramosum, Bifidobacterium avesanii and Bifidobacterium aerophilum [40] , and much earlier in thermophilic bifidobacteria represented by Bifidobacterium thermophilum and Bifidobacterium thermacidophilum subsp. porcinum [41] . Thus, the novel strain RP51
T could be considered as a thermophilic member of the family Bifidobacteriaceae. Growth under strictly anaerobic, microaerophilic and also aerobic conditions was tested and confirmed. Tolerance to oxygen is a characteristic of most scardovial genera, except of Pseudoscardovia and Parascardovia [22] .
Scanning electron microscopy [42] was applied to determine the cell morphology of strain RP51 T (Fig. 2) . Regular À slightly irregular shorter rods occurring singly or in pairs, sometimes slightly tapered centrally and sometimes an Sshaped curve were observed. Similar almost regular rodshaped morphology was recently found in Pseudoscardovia suis [22] and previously in Bifidobacterium gallinarum isolated from the ceca of chickens [43] .
A gas chromatographic method [38] using a calibration standard Supelco 37-component FAME mixture (SigmaAldrich) was performed to determine the cellular fatty acids. The fatty acid profile of strain RP51 T comprised the highest proportions of C 18 : 2 !6t (26.4 %), C 18 : 0 (14.5 %), C 16 : 0 (9.1 %), C 14 : 1 (8.5 %), C 16 : 1 (7.4 %) and C 13 : 0 (7.1 %), respectively. The result obtained was compared with the profiles of scardovial representatives of the same order as indicated in Table 2 . These were analyzed using the same method and under the same conditions mentioned in our previous study [39] . As shown in Table 2 , the profile of strain RP51
T is considerably different to the scardovial strains compared. The main fatty acid C 18 : 2 !6t was not determined in the other tested strains. Moreover, a higher proportion of cellular fatty acids with short-chains (C 10 : 0 -C 13 : 0 ) was determined. Within the family Bifidobacteriaceae, a higher proportion of C 18 : 2 (7.3 %) was noted only in Bifidobacterium bombi [44] . In general, the fundamental cellular fatty acids in specific species of bifidobacteria are C 16 : 0 , C 14 : 0 and C 18 : 1 !9c [45] [46] [47] [48] .
Cellular polar lipid profiling carried out in the Identification Services Department of DSMZ identified five unidentified phospholipids in strain RP51
T , three different glycolipids and two phosphoglycolipids (Fig. S4) , but not diphosphatidylglycerol (Table 1) , compared with scardovial genera for which this analysis was performed. Di-and phosphatidylglycerols, along with glycolipids and specific phospholipids, were found to be principal in bifidobacteria and scardovia [39, [49] [50] [51] .
The peptidoglycan type A3a L-Lys-Gly determined in strain RP51
T by the DSMZ Identification Services Department using different analytical techniques [52] was not present in the other scardovia examined (Table 1) . However, it was recently observed in Bifidobacterium saguini and Bifidobacterium reuteri [53] . Previously, this peptidoglycan structure [22, 38, 39] . All strains ferment D-glucose, D-fructose, aesculin (except Parascardovia), melibiose (except Pseudoscardovia), maltose, sucrose, starch (except Scardovia) and raffinose. None produce acid from glycerol, erythritol, D-arabinose, L-xylose, D-adonitol, methyl-bD-xylopyranoside, D-mannose, L-sorbose, L-rhamnose, dulcitol, inositol, D-mannitol, D-sorbitol, methyl-aD-mannopyranoside, methyl-aD-glucopyranoside (weakly positive reaction in Galliscardovia), arbutin (except Galliscardovia), N-acetyl-glucosamine, inulin, xylitol, D-lyxose, D-tagatose, D-fucose, L-fucose, D-arabitol, L-arabitol, potassium gluconate (weakly positive reaction in Alloscardovia), potassium 2-keto-gluconate and potassium 5-keto-gluconate. All strains had a-galactosidase, b-galactosidase activity (except Pseudoscardovia), a-glucosidase, b-glucosidase, arginine arylamidase (except Pseudoscardovia), leucine arylamidase, serine arylamidase (except Pseudoscardovia), tyrosine arylamidase, proline arylamidase (except Galliscardovia) and hystidine arylamidase (except Pseudoscardovia). All were negative for urease, arginine dihydrolase, b-galactosidase-6-phosphate, b-glucuronidase, N-acetyl-b-glucosaminidase, glutamic acid decarboxylase, a-fucosidase (weak reaction in Aeriscardovia), a-mannosidase, nitrate reduction, indole production, alkaline phosphatase, leucyl glycine arylamidase, pyroglutamic acid arylamidase, glutamyl glutamic acid arylamidase, valine arylamidase, cystine arylamidase, esterase lipase (C8), lipase (C14), a-chymotrypsin, trypsin, gelatin hydrolysis, catalase and oxidase. +, Positive reaction; (+), weakly positive reaction; À, negative reaction; ND, no data available; DPG, diphosphatidylglycerol; GL, glycolipid; L, lipid; PG, phosphatidylglycerol; PGL, phosphoglycolipid; PL, phospholipid. Peptidoglycan structure 
was found in Bifidobacterium asteroides and Bifidobacterium breve (nomenclature of peptidoglycan structures available at the DSMZ website: www.dsmz.de/?id=449).
The results of the present comparative analyses suggest that the novel strain, RP51 T , should be classified into a novel genus of the family Bifidobacteriaceae.
DESCRIPTION OF GALLISCARDOVIA GEN. NOV.
Galliscardovia [Gal.li.scar.do¢vi.a. L. masc. n. Gallus cock and a scientific generic name of poultry; N.L. fem. n. Scardovia, a bacterial generic name; N.L. fem. n. Galliscardovia organism related to scardovial genera isolated from a laying hen (Gallus gallus f. domestica)].
Gram-stain-positive, non-motile, non-spore-forming, regularly/slightly irregularly and sometimes slightly curved rods. F6PPK-positive. Catalase-, oxidase-and indole-negative. Gelatine is not hydrolysed. Anaerobic with the ability to grow under microaerophilic and aerobic conditions. Growth occurs at a relatively wide range of temperatures C) and pH (4.0-8.5). Optimal growth occurs at 39 C and pH 6.5. The final growth temperature is the highest among the scardovial genera (Table 1 ). The peptidoglycan consists of the amino acids D-alanine, L-alanine, glycine, D-glutamic acid and L-lysine in an approximate molar ratio of 2.0 : 1.3 : 0.9 : 1.0 : 1.9 belonging to the type A3a (L-Lys-Gly), variation A11.1. The peptidoglycan structure was not determined in other scardovia. Principal cellular fatty acids are C 18 : 2 !6t, C 18 : 0 , C 16 : 0 , C 14 : 1 , C 16 : 1 and C 13 : 0 , respectively. However, cellular fatty acids with short-chains (C 10 : 0 -C 13 : 0 ) are also present. The FAME profile is considerably different to other examined scardovia (Table 2) . Polar lipids profile consists of a variety of phospholipids, glycolipids and phosphoglycolipids, respectively. Diphosphatidylglycerol is not present unlike in other scardovia. On the basis of multilocus sequence analysis and F6PPK positivity, Galliscardovia is a member of the family Bifidobacteriaceae. The type species Galliscardovia ingluviei gen. nov. sp. nov., is detailed below.
DESCRIPTION OF GALLISCARDOVIA INGLUVIEI SP. NOV.
Galliscardovia. ingluviei (in.glu.vi.e¢i. L. n. ingluvies crop sac; L. gen. n. ingluviei of a crop sac).
Cells growing in anaerobic TPY medium are regular/ slightly irregular shorter rods, sometimes centrally slightly tapered and once or twice an S-shaped curve. Cells (0.4-0.6Â1.3-2.1 µm) occur singly or in pairs. Under aerobic conditions, morphology changes to long (2.0-6.0 µm in length), often irregularly-shaped, end-tapered and clubshaped rods (Fig. S5) . Creamy yellowish colonies, straight and glossy above the agar surface, soft, sharply defined, circular and disc-shaped in profile with sharp edges (1.1-2.6 mm in diameter) are found on TPY agar after 72 h anaerobic cultivation. The core of the larger colonies has a Table 1 .
The type strain, RP51 T (=DSM 100235 T =LMG 28778=CCM 8606 T ), was isolated from the crop of a 13-month-old Hisex Brown hybrid laying hen. The DNA G+C of the type strain is 44.3 mol% , which is the lowest value in the context of the whole family.
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